
UCRL-JRNL-206783

The discovery of six Lya emitters
near a radio galaxy at z~5.2

B. P. Venemans, H. J. A. Rottgering, R. A. Overzier, G.
K. Miley, C. De Breuck, J. D. Kurk, W. van Breugel, C.
L. Carilli, H. Ford, T. Heckman, P. McCarthy, L.
Pentericci

September 24, 2004

Astronomy & Astrophysics



Disclaimer 
 

 This document was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor the University of California nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any 
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or the University of California. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States Government or the University of California, 
and shall not be used for advertising or product endorsement purposes. 
 



� � �

�����	��
��������������������
��  !�#" ��$%
'&(&)���*�,+��.-/��- ��-#��
� 01-�2�-3�.�4-3&65 7 8:9<;

=?>A@(>CBEDGFHDGI#JKFMLONGPRQ�>TSM>AU�>CV!WXKYZYZ[ D]\_^`F [ NGPMV�>CU.>ba?cKD]\edG^fD]\GNOPRg3>Ah/>Rij^`kfD]lRNOPnm?>Mo?D�=p\eDGqMres*tuPRSM>Ao.>RhvqH\es*wxPHyz>McuJKF
=p\eDGq [ DGkf{KPRm�>A|}>bm�Ju\~^`k`k`^`�GPMQ�>C� X \_�M�uPM��>CQ�DGres*I#JKFM�uPR@(>bi�rxm�Ju\ Ye� lH�<PMJKFM��|�>C@�DGF Y D]\_^�r]r]^`�

�v�G���������'���_���]�(����T�x����<�*  ¡¢ <£b¤Z¥�¦O§]¨Z©x�«ª~©¬~¬�®�¯}�°����T�°�'���<±n�<�E²������<�'��³T�~�<�°´
µ.¶M·°��¤¸K��~�v�G¤·°���°�'����¡�¹°´��'��º~�_��¤~��»]�x¼}�e��³*�G���]���e��½´��¾�<�A³T���G���¾�e¿O��ªG�°À�ÁÃÂO§~Ä_ÅÂÇÆ)�_���¾�<�A�<Èx�«Æ��'��ÉÇ�_�G»
Ê.ËÌ²�¯�Íb�<¡�´�´��'��º~�_��¤_���T¤Ç¯Î´Ï����¤~Ð<´��T�'¤Ñ�°��¯Î����������`�<���e��È¤Ç¶M�°���A�¤ÑÍ°�'��ÉÑ��§G�«§_¬x¨Zª§G�uÍ*�Ò����<½�~�uËÃ�¾�_³Ò»
Ó!���������°������AºO�'��ÉÑ¤_���)²)�e���A¤�u�_³����~¹K¤_�¾�_��¤~��»]�u�*  ¡¢ <£b¤Z¥�Â¬~Âx�K�Ô�AºO�'��ÉÑ¤~����Õn¯}�u¦_Å]§~§~¬x�<ÖE�x¯
× ²)�e���A¤�u�_³�®(��x�T¤�¯(´Ï����¤�°¤É�»�¡�¹<´��'��º~�_��¤_��»]�<�*  ¡¢ <£b¤Z¥?¬G�«�G¤]�¤~����¤x�u²EØÙÂÄ~Â~¬x¨�uÖE�°¯
Ú.À)�¸x�Z C¤~Û��M�G»x´��A�´ÝÜÞ¯(´Ï����¤~�<¤~É¢»]�C±n�<�vß~¤�<�°´Çà�¤¸°áG�T�°´ÑÖ��°�Tº�'��´��Ò�Ì»]�C©~Å¬¬3²(¤~�����1Õb�<�_��³A�´?�G��������Z�n£n�_³Ò���TÉÑ¤_����Ø?Àp�
ªG¨ZªG¨Â_ÁÌª~â~Ââx�«Ö)�°¯

ã ±n�<��¡�¹°´��'��º~�_��¤~���A�´ä¤_Û*���<�}Õn�e���<�È~�A��ËÃ�<´Ï���Ò��·°���A¤~��¤~Û*å3�~´��°�T�°È~��¤~���<Âx¨Z©��°�~�]�¾��£b�_��¹u�e�¾�Ñ�G�����'�'�Z�u�H�_´���x��u�ÇÕn¯}�<¦G¨¨¬x¨�
ÖE�x¯

æ À)�A¸u�e�����AÉÑ��]��¤��°��Í*�A´��A�Z�x�<Ö��<�AºO����´��A�_ç�p�°�È~³T�Ô´Ï��·u�x��®Î¤ÉÇ�¢±�����°è��T���x�³A³é�¢èb�_´��Z�p²)�Zº~�~³A�}Â~Åx�<®Î¤ÉÇ�G�u¬~¬x¨'ÅOâx�uËÃ�¾�~³Ò»
®(��'��AºO�Z���G�¸°���'Ép¹K�'�)¨Z§G��¨Z¦¦~âxêu�~���'¸°���Z��Ø��e�����.¨Zâx��¨Z¦~¦OÄ
ëäìGí�î�ï�ð]ñZîZò å3��¸°���´���]�����°�����´�·°³Ò��´Ñ¤~Û)�<�_����¤Z��Á�¹u�_�u���~�u�#¹°��¤��GÁÃ¹<�~�<�#�AÉÇ�_È�A�<È��ä�A���#���<��èR����»#���e��È��±��'³T�'´��¤¸K�Zóv¤~Û���<�¢Ð<�³T��´�·x����¤·°�u�°�A�°ÈÇ���°�¢�¾�~�°�A¤?È�~³T�_¥G»�±n²ôßO¬¦ª_Å_õGªª_¬x¨��_�}öÝ÷ø§Gù ªG M¨'Å?�Z�_�u�°�T�°�_�����«»xú��ÉÑ�Ò�����'��´��ä�Ò���.�~��¤¹°´��'��ºO�Z�
�Zû]·<�Aº�_³A��]���ä�T�x���v¤~Ûb�_�)³T��~´Ï��¨Zª_Åôü¯:�b�'�����x�'����'���Z�« Ô�x¸K�'�'����¤´��¤~¸]»�¤~ÛbÂÝ¤_ÛR���°�´��p¤~¹xýÌ��'��´����'ºO�Z�~³A�Z��âÇ�u�ZºG�T�°ÈÑ���Z�°´��°�AÛé��´´��TÉÑ�A³T�_�p��¤v���<�_�p¤~ÛÎ���<�Ç�¾��°�A¤�ÈO�_³é�e¥G»] M±n�<�?�°��°´��A�Ã»3¤_Û��ÉÑ�Ò�����'��´¢�<�Z�e�p���°�Ý�¾�~�°�A¤.È�~³T�_¥G»#�A´Ñ��Ûf�_�'��¤~�Ñ©eõ]Å.�<�AÈ�°�'�p���<�~��T�v���<��Ðu�³T�«�Ô�~�u���¤~ÉÑ¸u�e�¾�~¹<³A�p��¤Ç���<�¢�°�'�<´��Ò�Ì»v¤_Ûn�«»°ú��ÉÑ�Ò�����'��´)�A�v���<��¸°��¤~��¤]�'³T·°´Ï���'�Ñ¨Z©~©ÂZõu¨Z¦_Å]ª��_�Eö�÷:ÅxùT¨~ *±n�°���«»°ú
�ÉÑ�Ò�����'��´R�°�Z�_�b±n²1ßO¬~¦OªeÅ_õxª~ª~¬G¨E�¤·°³T�p���<�'���'Ûþ¤~���ä¹K�ä¸u�e���b¤_ÛÔ�)´Ï����·<�'��·x���ä���<�_�M�ä�A³A³K�ºO¤³AºO���A�]��¤}�p¨Z¬ �Ã× Ø�ÿ:�³A·°´Ï���'�Z G±n�<�'´��¤¹<´�����º�e���T¤~�<´R�¤�xÐ<��É:���u�e�b´�·°¹<´Ï�¾�_�G���T�_³<�³A·<´Ï�������T�°È}¤~ÛÔ�Ô»xúv�ÉÑ�Ò�����'��´M¤]��·x�n�e�nö���§)�~�<�p´Ï������°È~���<�'�����<���T�°�Z�����<�_�C�¾��x�T¤ÈO�~³T�e¥°�A�´(�A�����<���Z�_��³Ò»�Ö(�<�AºO�'��´���¸<�A�<¸K¤~�T�]�����È~�A¤�<´Î¤~Û*�<�AÈ���x��<´��Ò�Ã»] 
�������
	Gï��xíeò ÈO�_³é�e¥x�T�'´�n�_�'���AºO��� ÈO�_³T�_¥x�A�´�b�'³T·°´Ï���'��´�CÈ��°�'�¾�~³
� ÈO�_³T�_¥x�A�´�b�'ºO¤³A·°���A¤~���6�¤~´�ÉÑ¤³A¤È_»�R¤~¹<´��'��º~�_���A¤~�<´���¤´�ÉÑ¤~³T¤~È~»�u��_��³Ò»?Ö(�<�AºO�'��´��

�������������� �!#"$�&%'�(�

)+*�,.-0/21�3�,.45-$67198:*;1�<=8'>@?�8'*�>BA;?�,C6D1=8:-$*E6F8:*G45-IHI,J<=*LK$6D1=<�-@M
N 3 � 6�8'O�62OJ-@*EOJ,J<=*E6P1=3�,Q/R-$<�4SK01�8'-@*T-0/�6D1=<�?EOU1�?�<=,V8'*W1=3�,X,CK0<=Y �
Z *�8:[$,J<�67, � ,$\ >]\_^`K03]OJK0Y'Y�,U19K0Ya\+bCc@c;d � \`efY:1�3�-$?�>@3g1�3�,�<�,hK0<=,
[i8jK0k�Y',l6=OU,�*EK0<=8'-$6m/R-@<�1�3�,SHI,�[@,�Y:- N 45,J*;1�-@/nYjK0<=>@,UMo6=OJK0Y',�671�<=?EOpM
1=?�<�,$q�1�3E,f, N -IO�3VK0*EHl45,�O�3EK@*�8j674r-0/�1�3�,s/R-$<�4SK01�8'-@*5-0/t>$K@Y'K0u �
OJY:?E671�,�<=6sK@<�,�671�8'Y:Y�- N ,�*9A$?E,�671�8'-@*E6�\

v 3�,�*EK0<=<=-�w`MakEK@*EHl8:4SK@>@8'*�>P1�,CO�3�*�8jA;?�,+O�K0*V,JxSOJ8:,�*;1�Y � 6�,UM
Y',�OU12-@k�yD,�Op1�6zws8:1�3{K|6D1=<�-$*�>�} �I~ Y:8'*�,X8:*{K�*EK0<=<�-�w�<=,�H�6�3�8:/�1
<�K0*�>$,@qnK@*EH�8j6S1=3�,J<=,U/R-$<�,�8jHI,CK0Yf/R-$<V�E*]HI8:*E>BK0*]H�8:*i[@,C6D1=8:>;K�1�M
8'*�>l-�[@,J<�HI,�*E67,m<�,�>@8'-@*E6_K�1`3�8'>@3Q<=,�HE673�8:/�1 ��� 1=,J8jHI,JY#,J1sK@Y�\��@�@�@�E�
�W�-$Y:Y',J<9��� � *ik�-��@�@�Eb@� � 3�8'4SK@6=K0�i?�,J1�K0Ya\m�0�@�$���`��K0Y'?�*EK$6
,J1�K0Ya\��0�$�0� � \U��-$<�,Uu�K@4 N Y:,$q � 1�,�8'H�,JY@,J1(K0Ya\ � �0�@�$� � ?E6�,�H�*EK@<�<=-�w`M
kEK@*EH58'45K@>@8'*�>�1�-�45K N 1�3�,m,Uui1�,�*EHS-0/�K�YjK0<=>@,f6=OJK@Y:,f671�<=?EOp1=?�<=,
K01��2���E� �$c�q;HI8'6=OU-�[$,J<=,�Hl8'*QKz6�?�<�[$, � /R-@<�OJ-@*;1�8'*i?�?�4lMo67,�Y:,COp1�,CH
} � 4SK@*IMakE<�,CK0��>;K0YjK�uI8',�6�\ v K0<=>@,U1=8:*E>�K�671�<=-@*�>|} �I~ K@kE6�-@<=k],�<
8'*�K�A;?EK$6�K@<|6 N ,COp1=<�?�4�q �W�-@Y'Y',J<|��� � *ik]- � �@�@��b � HI8j6�OJ-�[;M
,�<�,CH.K9�EY'K@45,J*;1�-0/s} �I~ ,J458�1�1�,�<=62K�12�|����� �0�]\ � 3�8'4SK@6=K0�i?

�����i  ¡a¢�£i¤7¥j�$¦ ¤o�D§=¨;��©D¦�© ¦�¡ %£(  �H 4èR�'�<�ÉÇ�_�<´ ªfºO��°�'ÁÉÇ�~�°´7«�´Ï�����E  ³A��T�x��G·<�<�AºK  �<³:¬

,U1+K@Y�\ � �0�$�@� � /R-$?�*EH�6�,J<=,J*EHI8 N 8:1�-$?E67Y � K5YjK0<=>@,JM6=OJK@Y:,�671�<=?EOp1=?�<�,
K�1s�����]� c�ws3�8'Y:,�67,CK0<�O�3�8'*�>P/R-@<s} �i~ ,�4l8:171=,J<�6_8:*Q1�3�, � ?�kEK@<�?
® ,�, N ��8',JYjH#\ v 3�, � OJ-@*EOJY:?EH�,�Hh1=3EK�1S} �I~ ,J458�1�1�,�<=624�?E6715k],
[@,�< � k�8jK@6�,�H51=<=K$OU,J<�6�-@/�45K$6�6�8'*S1�3�,+,�K@<�Y � Z *�8'[@,J<�6�,@\i��K0Y'?�*EK@6
,U1|K@Y�\ � �0�$�0� � 45K N�N ,�H¯K��i*�-�ws*°Y'K@<�>$,UMo6�O�K0Y',.671�<=?EOU1�?�<=,WK�1
���±�I� �@²Xk � 8'4SK0>@8'*�>F1�3E,5�E,JYjH.ws8�1=3hK�*]K0<=<�-�w`MkEK0*]H��EY:1�,J<C\
v 3�, � �]*EH�K@*�8'*�3�-@45-$>@,J*E,J-@?]6QHI8j6D1=<�8'k�?I1=8:-$*�-@/2} �I~ ,J458:17M
1�,�<=6�OU-@*;1�K08'*�8:*E>sY'K@<�>$,�[@-@8jH�6�\ v 3�,C67,³<=,�6�?�Y:1=6�HI,J45-@*]6D1=<=K01�,�1=3EK�1
� N OpMo6�O�K0Y',�HF6D1=<�?EOU1�?�<=,�3EK@H�K@Y:<=,�K$H � /R-@<=45,�HXk � �2���]� cE\

´ K@<�<=-�w`Mak]K0*EH58'4SK0>@8'*�>l-0/
HI8'671=K@*;1 N -�w�,�<7/R?EY�<�K@H�8:-l>$K@Y'K0u;M
8:,C6m3]K&[@,z6�3�-�ws*�1�3EK01m1=3�,�6�,�-$kIyD,�OU1=6mK@<�,�,Uu�OU,�Y:Y',J*;1f1=<=K$OU,J<�6s-@/
-�[@,�<=HI,�*E6�,F<=,J>$8:-$*E658'*B1=3�,�,CK0<=Y � Z *�8'[@,�<=6�, � 6�,J,�<=,J[i8',Jwf65k �
[�K0*Q^_<=,J?�>$,JY�,J1_K0Ya\I�0�@�$���@µ �-0171=>@,�<�8'*�>P,U1`K0Ya\i�@�@�$� � K0*]H5Y:,CH51�-
1�3�,fH�8'6=OU-�[$,J< � -@/t6�,J[$,J<�K0Y;/R-@<=458:*E>�OJY:?]6D1=,J<�6 � N <=-01�-IOJY:?E671�,�<=6 � K�1
<�,CH�6�3�8�/�1�6n��� � ��K@6=OJK0<=,JY'Y',n,U1nK@Y�\IbCc@c$¶��&�
,J*;1�,�<�8jOJOJ8;,J1nK0Ya\@�0�$�@���
· ?�<=�V,U1+K@Y�\E�@�@�@� � q��l�g� � }�,z��¸,J[i<=,�,U1mK0Ya\�bCc@c@¶E�i¹�,J*�,�45K@*E6
,U1mK@Y�\E�@�@�@�Eq��0�@�@� � K0*EH����g� � ¹�,J*E,J4SK0*E6`,J1mK0Ya\]�0�$�$� � \

ef*F8:*;1=,J<=,�671�8'*�>lA;?�,C6D1=8:-$*Q8j6_1�-5ws3EK01_<=,�H�6�3�8:/�1f67?EO�3FYjK0<=>@,UM
6�O�K0Y',+671�<=?EOp1=?�<=,�6nO�K0*Vk�,�HI,U1=,�Op1=,�H#\ v 3�,+45-$671_HI8j6D1�K0*;1`�;*E-�ws*
<=K$HI8'-T>$K0YjK�u � 8j6 vs´»º �@c;���0¼I�@�@��b$q(ws8:1�3gKh<=,�H�6�3�8:/�1Q-0/z���
½ �¾� � [�K0*|^_<=,J?�>$,JY
,U1PK0Ya\�b�c$c@c � \�¿o*�1�3E8'6P}(,U171=,J<Cqtw�,5HI,�6=OU<=8'k],



*EK@<�<=-�w`MkEK0*EHl-$kE67,�<�[�K01�8'-@*E6�-@/�1�3E8'6�<=K$HI8'-�>$K@Y'K0u � q@K@*EHV<=, N -@<�1
1=3�,sHI8'6=OU-�[$,J< � -@/�¶�} �I~ ,J458:171�,�<=6
8'*z1=3�,_�E,JYjH2ws3�-$6�,�<=,�HE673�8:/�1=6
K@<�,POUY'-$6�,+1�-51�3]K�1f-0/�1�3�,P<�K@H�8:-5>$K@Y'K0u � \��

�
�������
	�����]�C%'�(����t�# "�#�t (%' �]�
	���	���	�";�C%'�(�
����������� ��!�"�#$!&%�')(+*$,.-���/0"1%�#2(
v - 6�,�K@<=O�3�/R-@<9OJK@*EHI8jH�K�1=,.} �I~ ,J458:171�,�<=6F*�,CK0< vs´ º �$c$�0��¼
�$�0��b$qp*EK0<=<=-�w`MakEK@*EH�K0*EH�k�<=-$K$HiMkEK0*EH �43 MtK0*EH65PMakEK@*EH � 8'4SK0>@M
8'*�>�-0/³1=3�,5�E,�Y'H|w�,�<�,5OJK@<�<=8',�H9-$?I1zHI?�<=8:*�>F1Dw_-F6�, N K0<�K�1�,2-@kIM
6�,J<=[i8:*�>�6�,�6=6�8:-$*E6z8'* � K@<=O�3TK0*]HWe N <=8'Y_�0�$�$�Fws8:1�3T1=3�,Q¹�} v
7 , N ?�* � Zmv � � q
?E6�8:*�>|1�3E,F�
)�OJK0Y`µs,CHI?EOU,�<98�Y:-�w±HI8j6 N ,�<=6�8:-$*
� N ,�OU1�<=-@>$<=K N 3�� � � )�µ � � � \ v 3�,|OJ?E671�-@458j67,CH�*EK@<�<=-�w`Mak]K0*EH
�EY:1�,�<P3EK@H.KF�;:=< � -0/_²$c?>e K@*EH|K�OJ,J*;1�<�K0Y
w`K&[@,JY',J*E>01�3�-0/
d ½ �0²@>e�qnws3�8jO�3g,�*EOU-$4 N K@6=67,C651�3�,|w_K&[$,JY',J*�>@1�3 -0/P1=3�,|} �i~
,�4l8j6=678'-@*XY:8'*�,PK�1f��� ½ �¾�I\ v 3�,�8:4SK@>@,�6_w_,J<=,m<=,�HI?]OU,�HQ/R-@Y'Y'-�w`M
8'*�>P6D1�K0*EHEK0<�Hz<=,�HI?EOU1�8'-@*56D1=, N 6 � 67,�,`¹�,J*�,�45K@*E6
,U1nK@Y�\@�@�@�@�f/R-@<
45-@<=,sHI,U1�K08'Y'6 � \ v 3�,s<�,C67?EY�1=8:*�>�8'4SK0>@,C6 3EK@Hl,BAt,�OU1�8'[@,s,Ju N -$6�?�<=,
1=8:45,�6`-@/��@¶$²@¶$�z6 � *EK@<�<=-�w`MkEK0*EH � K0*EHFc;d ½ �z6 �43 MkEK@*EH � \ v 3E,
6�,J,�8:*�>�8'*�1=3�,5�E*EK@Y�*EK0<=<=-�w`MakEK@*EH#q 3 MkEK@*EH|K@*EH�5�MkEK0*EH|8'42M
K@>@,�6_w`K@6s�E�C C ²�q��E�C C ²5K@*EH�b$�C C � ½ <=,�6 N ,�Op1=8:[$,JY � \ v 3�,P�ED|Y:8'458�1=8:*�>
4SK0>$*�8:1�?EHI,C6(8'*�K@*�K N ,J<�1�?�<=,³ws8:1�3�K��I�C C �mHI8jK045,U1=,J<�w�,�<�,`�0¶�\¾�0cEq
�@¶�\ ¶ ½ K0*EHP�@¶�\ ²@�n/R-@<#1=3�,³*EK@<�<=-�w`Mak]K0*EH#q 3 K@*EH65�MkEK@*EH�<�,C6 N ,�OUM
1=8:[$,JY � \0��-$<�K�} �I~ ,J458:171�,�<³K�1³��� ½ �¾�fws8:1�35*�,�>@Y'8:>$8:k�Y',`OU-@*;1=8:*IM
?�?E4Fqi1=3�,PY'8:458:1�8'*�>5Y:8'*�,�Y:?E4l8'*�-;678:1 � 8j6GFIH J K � } �E~n� �g�ML�bC�ONQP
,�<�>³6SRT� � ½ D � \ v 3�,��E*EK@Y�8:4SK@>@,�6f3EK@H�K0*9K@<�,CK2?]67,J/R?�Y�/R-$<mHI,UM
1=,�Op1=8:*E>V} �I~ ,J458:171�,�<=6f-0/
�$¶�\ ²VU C \

���W���YX;��#�Z�"�Z���/�*6(+*$[�*$\]/�"�%�#
eL1�-@1=K@Y#-0/ �@�idIbm-@k�yD,�Op1�6`w�,�<�,�HI,J1�,�OU1�,CHX8'*X1�3�,�*EK@<�<=-�w`Mak]K0*EH
8'4SK0>@,+ws8�1=3XK2678'>@*EK@Y�Ma1�-@Ma*E-@8j67,f>$<�,CK�1=,J<�1=3EK0* ½ ?E6�8:*E>�1=3�, N <�-@M
>$<=K@4 ��^ ui1�<�K@OU1�-$< � ^_,J<�1�8'*.� ef<=*�-@?�1=65b�c$c@¶ � \#��-$<P,�K@O�3|-@kIM
yD,COp1�q�1=3�,{-$kE67,�<�[$,�H°,CA$?E8:[�K0Y',J*;1.ws8'Hi1=3�w`K@6|OJK0YjOU?EY'K01�,�H ?E6DM
8'*�>91=3�,Q45,U1=3�-IHWHI,C6�OJ<�8'k],CHh8:*{¹�,J*�,�45K@*E6z,J1lK@Y�\ � �0�$�0� � \ �0�
*EK@<�<=-�w`MkEK0*EH.,JuIOJ,�6=6z-$kIyD,�OU1=62ws8�1=3BK0*{-@kE6�,J<=[@,CHh,�A;?�8'[&K@Y:,�*;1
ws8jHi1�3 �4^ :`_ � -0/�bC�0�a>e�q�-@<Cq#8�/_1�3E,S,Uu�OU,C6�6�-$kIyD,�OU1z8'6PK9} �i~
,�4l8:171=,J<�6�K�19�°� ½ �:bCc�q`K{<=,�6717Ma/R<�K045,�,CA$?E8:[�K0Y',J*;1�ws8'HI1�3G-0/
^ :cbed �0�f>e�qEw_,J<=,PY:-IOJK01�,CH�8:*;1f1=3�,P�E,�Y'H#\ v 3�,g5PMakEK@*EH�8'42M
K@>@,lw_K$6m?E6�,�H�1�-�8jHI,J*;1=8�/ � Y'-�w <=,�H�6�3�8:/�1P8:*;1�,�<�Y'- N ,J<�6�ws8�1=3.K@*
,�4l8j6=678'-@*9Y'8:*E,P/�K0Y'Y:8'*�>V8'*91=3�,�*EK@<�<=-�w`MkEK0*EHV�EY:1�,J<C\ v ,�*9-0/
1�3�,
�0�m-@k�yD,�Op1�6(ws8:1�3 ^ : _ dLb&���h>eBw�,�<�,_K0Yj67-�HI,U1=,�OU1�,�H�8:*�1�3�,G5�M
kEK@*EHPws8:1�3lKm6�8:>$*EK0Y:M�1=-0M*�-@8j6�, >$<�,CK�1=,J<�1=3EK0*l�Iq&K0*EHP3]K@HzKi5kj 3
OJ-@Y'-@<�6n1=3EK�1+w�,�<�,�4�?]O�3FkEY:?�,�< � 5lj 3Vm b$� � � 1=3EK0*�,Ju N ,�OU1�,CH
/R-$<zK�>$K0YjK�u � K01���� ½ �¾� � 5?j 3 ���I� d ½ q�67,�,S,@\ >E\ � -$*�>$K@8:YjK
�@�@�0� � \ v 3�,`<�,�4SK08'*�8:*E>2b���O�K0*EHI8jH�K01�,�6 w_,J<=,n-$?�<
3�8:>$3 N <�8'-@<=8�1 �
O�K0*EHI8jH�K01�,�6_/R-$<`/R-@Y'Y:-�w`M? N 6 N ,�OU1�<=-$6=OU- N � \

���on���p�q�*$\]/0,�%O(+\$%Oq]r
�E-@<z1=3�,X6 N ,�Op1=<�-;6�OJ- N � q�K94SK@6��|w`K@62OU-@*]6D1=<�?EOU1�,CHhws3�8'O�3{8:*IM
OJY:?EH�,�HS1=3�,�<=K$HI8:-2>$K@Y'K0u � K0*]HQ²2-0/�1=3�,2b���3�8'>@3 N <=8:-$<�8:1 � O�K0*IM
HI8jH�K01�,m} �i~ ,J458�1�1�,�<=6�\ v 3�8j6�w`K@6
1=3�,f4SK�uI8'4�?�4r*i?�4�k�,J<�1=3EK�1
OJ-@?�YjHPk�,³��1�1�,�Hz-@*P1=3�,n4SK@6��t\ v 3�,�<�,C6D1�-0/I1�3E,n4SK@6���w_K$6t�EY'Y:,CH
� ±n�°��¤~·<È~�<¤·x�ä���<�A´ä���'�������Z�<ÉÇ�_È�<�Ò��·<�°�´ä�e���E�T�Ý���<�E¯(£�´Ï»x´Ï���É
�~�<�.�esRÁÃ�°¤~ÉÑ�T�<�_���Z���¤~´�ÉÑ¤³A¤È_».�ä�Ò���.àut�÷ôâ§ÝáGÉ ´Qv���Ø?¸K��v��Z�
wIx ÷1¬xù ©x�u�~�<� wzy ÷1¬Gù Äp�A´Î�~´�´�·°ÉÑ�Z�Ô 

ws8�1=3�-$kIyD,�OU1=6�3EK&[i8:*�>�K0*z,Ju�OU,�6=6�{E?IuP8:*�1�3�,_*EK@<�<=-�w`Mak]K0*EH#qJk�?I1
ws8�1=3FK2Y'-�w�,�<�,CA$?E8:[�K0Y',J*;1`ws8'HI1�3X1�3EK@*Q-@?E<`6�,JY',�OU1�8'-@*FOU<=8�1=,J<=8:-$*
K0*EH|8&-@<5ws8:1�3�K.k�Y:?E,}5~j 3 OU-$Y:-$<�\ v 3�,�-@k]67,�<�[�K�1=8:-$*E6lw�,�<�,
OJK@<�<=8:,CHF-@?I1�-@* � K@<=O�3��VK@*EH9�]q��0�$�@�5?E6�8'*�>Q� )�µ � �5-@*�1�3�,
¹+} vl7 , N ?�*�\ v 3�,21�-@1=K@Y�,Ju N -$6�?�<=,P1�8'45,5w_K$6+�0�$¶;d0¶S6J\#��-$<+K
HI,�6=OU<=8 N 1�8'-@*T-@/_1=3�,XHEK�1=K�<=,�H�?EOp1=8:-$* N <�-IOJ,�6=6Jq(6�,J,Q¹�,J*�,�45K@*E6
,U1zK0Ya\ � �@�@�@� � \ v 3�,5<=4S6+-@/n1=3�,5w_K&[$,JY',J*�>@1�3�O�K0Y'8:k�<�K�1=8:-$*�w`K@6
K0Y'w_K � 6Sk�,U1�1�,�<Q1=3EK0*g�E\ � ½ >e � � b��W�;4�6 RT� � K0*EH 1=3�,�{]?Iu
OJK@Y:8'k�<�K�1�8'-@*Fw`K@6`K@O�OU?�<�K�1=,m1=- ½2� \

�
�I�u	���!����
�
v 3�,�<=K$HI8:-�>$K0YjK�u � K0*EHXK0Y'Y]-@/#1�3�,�²2-@kE6�,J<=[@,CHSOJK0*]HI8'HEK�1�,�} �I~
,J458:171�,�<=6Q673�-�w_,�H�K@* ,�458'6=678'-@* Y'8:*�,�*�,�K@<Xd ½ �$��>e � � 8'>E\fb � \
v 3�,�6 N ,�OU1�<=?�4 -0/#1�3E,+<�K@HI8'-z>;K0YjK�u � 6�3�-�wf6�Kzk�<=-$K$H � ��:=< �
� bC�0�$� �;4�6 RT� � q+K$6 � 4545,U1�<=8jOhY:8'*�,@\+¿DHI,J*;1=8��]O�K�1=8:-$*G-@/51�3�,
,J458j6�6�8:-$*�Y'8:*�,lws8:1�3&�¾)��������]�;d0�;diq�� )����4���I� ½ �$�;d5K@*EH}< ~ OJK0*
k],�<�?�Y',�HF-$?I1�q�k�,�O�K0?E6�,P-0/ 1�3E,zY'K$O��V-0/�OU-$*I�E<=458:*�>SY'8'*�,�6�\ v 3�,
,J458j6�6�8:-$*T8'628'*$1=,J< N <=,U1�,CHTK@6l} �I~ q�ws3�8jO�3T8j626�? N�N -@<�1�,CHTk � K
OU-$*$1=8:*i?�?E4 k�<=,�K@��K@OJ<�-;6�6+1�3E,VY:8'*�, � ��8'>E\nb � OU-$*E6�8'671�,�*$1Pws8:1�3
1�3�,�<�,CH�673E8�/�1Q-@/z��� ½ � ��q³<=, N -@<�1�,�H k � [�K@*g^�<=,J?E>@,JYs,J1XK0Ya\� bCc@c@c � \ v w_-�-0/�1�3�,P²lOJK@*EHI8jH�K�1=,�} �I~ -@kIyD,COp1=6`K@<�,�8'H�,J*;1�8:�E,�H
ws8�1=3f� )����4���i� ½ �@�id�K01S� � �E� ½ q³OU-$*I�E<=4l,CH{k � 1=3�,9K@O�OU-@4lM
N K0* � 8'*�>5Y:8'*�,�6��¾)����4�������;c ½ c2K@*EH�<��³\ v 3E,�-@1�3�,�<f678:uF6 N ,�Op1=<=K
HI8jHz*�-@1 6�3�-�wTK0* � -@1�3�,�<�,�458'6=678'-@*PY'8'*�,�8'*�Kmw_K&[$,JY',J*�>@1�3�<=K@*�>@,
OU-�[$,J<=8:*�>245-@<=,+1=3EK0*9�$�@�@��>ez\ v 3E,P*EK�1=?�<�,�-@/(1�3E,�6�,P,J458'6=6�8:-$*
Y:8'*�,C6s8'6sH�,�6=OU<=8:k�,�HFk�,JY'-�wP\

)m/�1�3�,2<�,�4SK08'*�8:*E>V-@kIyD,COp1�6mOU-�[$,J<=,�HFk � 1=3�,�4SK$67�tq�-@*�,z8j6
8'H�,J*;1�8:�E,�HBK@6lKh�¾)��������E�id0�;dF,J458:171�,�<�q�K@Y'6�-�6�3�-�ws8:*E>&� ´ ,;�4�����
�E�$²@¶$c9,J458j6�6�8:-$*{K0*]HT*�8'*�,Qw_,J<=,V8jHI,J*;1�8:�E,CH{K@6k�¾)}�4������� ½ �@�;d
,J458:171�,�<=6�qEOJ-@*I�E<=45,�HXk � [�K0<=8:-$?E6_Y:8'*�,C6f67?]O�3�K$6�� )����4�����E�$c ½ c�q
<��³qz<�� q�<��iqG� ´ ,;�4�������E�$²@¶$c9K0*EH�� )��������]�;d0�;di\�¿o*{1�-@1=K0Y�b@b
� )��4�����s,J458:171�,�<=65w_,J<=,�OU-@*��E<�45,CHW8'*{1=3�,F�E,JYjH#q³K0Y'Ys3EK&[i8'*�>|K
<�,CH�6�3�8�/�1f-@/
���g��� ½ \

µs,J4SK@8:*E6l1=3�,98jHI,J*;1�8:�]O�K�1�8'-@*�-@/+1=3�,�678:uB6�8:*E>@Y',9,J458'6=6�8:-$*
Y:8'*�,`-@k�yD,�Op1C\ v -�HI8'671�8'*�>$?�8'6�3�3E8:>$32<=,�H�6�3�8:/�1
} �I~ ,�458�1�1�,J<�6�/R<�-$4
Y:-�wr<�,CH�6�3�8�/�1z8'*;1�,�<�Y'- N ,J<�6�[�K0<=8:-$?E6+1�,�671=6�OJK0*.k�,VK N�N Y'8',�H � 6�,J,
� 1�,�<�*�,J1mK0Ya\E�0�@�$��q;/R-@<fKl<=,J[i8',Jw � \
�i�9�$�M�E�S�4�9���e�W�����G���¡ �¢���� e O�3]K0<�K@Op1=,J<=8'671�8jOs/R,CK�1=?�<�,P-@/
Kl3�8'>@3
<�,CH�6�3�8�/�15} �I~ Y:8'*�,Q8j628�1�6�{E?IuWHI,COU<=,J45,J*;1l-@*h1�3E,Qk�Y'?�,Qws8'*�>
-0/³1=3�,5} �I~ ,J458j6�6�8:-$* � ,$\ >]\ ® K&wf6�-@*�,J1�K@Y�\��@�@�$� � \���-@Y'Y'-�ws8:*�>
µs3�-;K@H�6�,J1�K0Ya\ � �0�$�@� � q�1�3�,VK$6 � 4545,U1=< � -@/`K@*|,�4l8j6=678'-@*.Y:8'*�,
OJK@*Lk�,WHI,�6=OU<=8'k],CHgk � 1�3E, N K0<�K045,U1=,J<�6�£ _ K@*EH¤£�¥E\ v 3�,C67,
N K0<�K045,J1�,J<�6P45,�K$67?E<�,S1=3�,Q<�K�1=8:-9-@/s1�3�,XY:8'*�,Xws8'Hi1=3{K0*]HTY:8'*�,
{E?Iu�<=,�H�w_K@<=H|K0*EH|k�Y'?�,Jw`K0<�H�-@/n1�3E,SY:8'*�, N ,CK0�t\I�¾)}�4���¦�E�id0�$d
,J458:171�,�<=6XK�1Q�g� b93EK&[$,F1 � N 8'O�K0Yf[�K0Y'?�,C6V-0/�£ ¥c§ ��� ²TK0*EH
£�_ § ��� c�q�ws3�8'Y:,9K.6�K@4 N Y:,�-@/+3�8'>@3 <�,CH�6�3�8�/�1V} �i~ ,�458�1�1�,J<�6
3EK&[@,V�E� c m £ ¥ m b$� c9K@*EHh��� c m £�_ m ���'b � µs3�-;K@H�6P,J12K0Ya\
�0�$�@��qUK@*EH�<=,U/R,J<=,J*]OU,
1�3E,J<=,J8'* � \�)+*�Y � 1Dw�-s-@/i1�3�,³,�458'6=678'-@*�Y'8:*E,�6
� -@/m,J458:171�,�<=6 ¨ bC�@²$²�K0*EH©¨ �$d0�0� � 3EK&[@,FK�6�8:>$*EK0Y:M�1=-0M*�-@8j6�,
1�3EK01�8'6�3E8:>$3L,�*�-@?�>$3�1=-�45,�K@6�?�<=,�1=3�,WK@6 � 454l,J1�< � \ v 3�,C67,
1Dw�-lY'8:*�,C6`K0<=, � 45K@<�>$8:*]K0Y'Y �«� K$6 � 4545,U1=<�8jO0qIK0*X8:*]HI8'O�K�1=8:-$*Q1=3EK�1
,J458:171�,�<=6�¨ b��@²$²zK0*]Hª¨ �;d��@��K0<=,�} �I~ ,J458�1�1�,�<=6`K�1f��� ½ �¾�I\
«  $���¬�������¯®S�¡�Q°
± e 3E8:>$3�<�,CH�6�3�8�/�1�} �I~ ,J458�1�1�,�<+42?E6D1�3EK&[@,
K�OU-@*;1=8:*i?�?�4rk�<=,�K0�zK$OU<=-$6=6�1�3�,f} �i~ Y:8'*�,@q$OJK0?]67,CH�k � 1=3�,f} �I~
/R-@<=,�671�k],J1Dw�,�,J*21�3�,s>;K0YjK�u � K0*EH21�3E,_-$kE6�,J<=[@,J<C\ � K@HEK0? � b�c$c ½ �
N <=,�HI8jOp1�Kfk�<�,CK0�+-0/EK`/�K$Op1�-$< � ½ K@OU<=-$6=6t1=3�,n} �I~ Y:8'*�,nK01��2� ½ \
v -�45,�K$67?E<�,SOU-$*;1�8'*;?E?�4»8'*.-$?�<z6 N ,COp1�<�K�q#<=,J>$8:-$*E6+1�3EK01zw�,�<�,



*�-@1P,BAt,�Op1=,�H.k � 671�<=-@*�>X1�,�Y:Y'?�<=8'OlY'8:*�,C6Pw_,J<=,lO�3�-;67,�*�<=,�HIw`K0<�H
K@*EH�kEY:?�,�w_K@<=H�-0/³1=3�,S,J458j6�6�8'-@*�Y'8'*�,@\t/R-$?�<�3EK@H.K�678'>@*�8:�]O�K0*;1
� d �2D � H�,U1�,COp1=8:-$*B-@/+OU-$*$1=8:*i?�?E4 ,J458j6�6�8:-$*{<=,�HIw`K0<�HT-@/f1�3�,
,�4l8j6=678'-@*�Y'8:*E,@q_<�,C67?�Y:1�8'*�>W8'*L�]D°Y:-�w_,J<VY'8'4l8:1=6X-@*g1�3�,�8:<�{E?Iu
HI,COU<=,J45,J*;1�6+-@/_�E\ ¶V¼ ½ \ ��\ � ?EO�3.Y'K@<�>$,�k�<=,�K@�I6+8'*|1�3�,5- N 1�8jOJK0Y
K@<�,5,Uu�OJY:?E6�8'[@,JY � /R-$?�*EHh8'*.3E8:>$3.<=,�HE673�8:/�1�-$kIyD,�OU1=6 � ,@\ >E\ � 1=,J<=*
,J1nK0Ya\@�0�@�$� � \+<+K04545,J<�,J1�K@Y�\ � b�c$c;d � 6�3�-�w_,�HP1=3EK�1��¾)������E,�4l8:17M
1=,J<�6�K�1n��� ½ m � m b@� ��3EK&[@,`<=,�6717/R<�K045,sOU-$Y:-$<=6 -0/��}j 5 m b$� �]q
K@*EH�1=3EK�1P-$kIyD,�OU1=6�ws8:1�3.<�,C6D1�/R<=K@4l,��lj©5 m b$� �F3EK&[@,5KQ1�-0M
1�K0Y_�$�@�$� >ei8�^`K0Y'4l,�<2kE<�,CK0�.-0/f/�K$Op1�-$< m �E\ v 3E,J<=,U/R-@<=,@q(1�3�,
OJ-@*;1�8'*i?�?�4 k�<=,�K0�l45,�K$67?�<=,�HV8:*S/R-$?�<_-0/�1=3�,m,�4l8:171=,J<�6_8'6�45-$671
Y'8:�$,JY � O�K0?E6�,�Hhk � *E,J?I1=<=K@Y¦<}�_K0k]67-$< N 1=8:-$*�q�K0*]Hh3�,J*EOJ,S1�3E,�6�,
,�4l8:171=,J<�6sOJK@*Fk�,P8jHI,J*;1�8:�E,CHXws8:1�39} �i~ ,J458�1�1�,�<=6sK01m��� ½ � ��\
��� ����$°$���S���	�z��
$�� v 3�,5,J458j6�6�8:-$*|Y'8'*�,5-@kIyD,COp1P3EK&[@,l-@k]67,�<�[$,�H
,CA$?E8:[�K0Y',J*;1sws8jHi1�3E6f8:*�,Uu�OJ,�6=6`-0/n��� ½ �¤>ez\ v 3�,�1Dw_-5,J458:171�,�<=6
ws3�8jO�3WHI-�*E-01�6�3�-�w K9OU-@*i[i8'*EOU8'*�>9Y'8:*�,XK@6 � 4545,U1=< � K0*EHTH�-
*�-@1³673�-�w OU-$*$1=8:*i?�?E4 -@*lk]-@1�35<=,�HIw`K0<�H�K@*EH�kEY:?�,�w_K@<=H2-0/]1�3�,
,�4l8j6=678'-@*FY:8'*�,$q�3EK&[@,�-$kE67,�<�[$,�HQ,�A;?�8'[&K@Y:,�*;1fws8'Hi1=3E6s-@/ ^ : _ d
½ �Ebc>ez\ v 3�8'6mw�-$?�YjHFOJ-@<=<�,C6 N -@*]HV1=-VK0*�<�,C6D1�/R<=K@45,P,�A;?�8'[&K@Y:,�*;1
ws8jHi1�3l-0/�d �@¶@ch>e�8:/E1=3�,`,J458j6�6�8:-$*2Y'8'*�,`w�-$?�Y'H�k],6�¾)��������]�;d0�;d
K01+�l�rb$� �E\ � ?EO�393�8'>@3 �¾)�������,CA;?�8:[�K@Y:,�*$1fws8jHi1=3�,J458:171�,�<=6+K0<=,
<�K0<=,@\ v 3�,l1�-@1=K@Y *i?�42k],�<P-0/`��� b �¾)}�4���³,J458�1�1�,�<=6�,Ju N ,�OU1�,CH
8'*�-@?�<Q�E,JYjH#q_HI,J<=8:[$,�H /R<=-@4 v , N Y'8�1���,U1FK0Ya\ � �@�@�$� � qn8'6�� b@\
<m-�w�,�[@,J<CqI1=3�,�/R<�K@OU1�8'-@*�-@/ �¾)}�4���
,�458�1�1�,J<�6+ws8�1=3|KV<=,�6717Ma/R<�K045,
^ : dT�0�$� >eT8j6 m �I� ½2� � v , N Y'8�1��n,U1 K0Ya\��0�$�@� � qUws3�8jO�3P8:*]HI8'O�K�1=,
1=3EK�1
1�3E,�6�,n1Dw_-+,�458'6=678'-@*�Y:8'*�,`-@kIyD,COp1�6 K@<�, N <=-@kEK@k�Y � *E-01G� )������
,�4l8:171=,J<�6sK�1m��� b@qIk�?�1m} �I~ ,J458:171=,J<�6fK�1f�2� ½ �¾�I\

��-@42k�8'*�8:*E>z1�3E,�6�,m<=,�6�?�Y�1�6Jq$w�,+OU-@*]OUY'?EHI,f1=3EK�1�1�3�,C67,�¶zY'8:*E,
,�4l8:171=,J<�6sK0<=,PK0Y'4l-;6D1fOJ,J<�1=K08'*�Y � } �I~ ,�458�1�1�,J<�6sK�1m��� ½ �¾�I\

v 3�,V,Jui1�<�K@Op1=,�HT} �i~ Y:8'*�,C6Pw�,�<�,5�E171�,CHTws8:1�3WK���K@?E6�6�8jK0*
/R?�*]Op1�8'-@*°1=-g,�671�8'4SK�1=,h1�3�,W<=,�HE673�8:/�1�q+Y:8'*�, {]?Iu°K@*EHGws8'HI1�3E6
� �;:=< � 6 � \s¿o* v K0k�Y',{b�1�3�, N <=- N ,J<�1�8',�6Q-0/P1�3E,.} �i~ ,�4l8:17M
1=,J<�6+K@<�,�6�?�454SK0<=8'6�,�H�\ v 3�,l6D1�K0<+/R-@<=4SK�1�8'-@*�<=K01�, �a� �
µ � w_K$6
O�K0YjOU?�YjK�1=,�H2/R<�-$4�1=3�,f45,�K$67?E<�,CH Z ¹�OU-$*;1�8'*;?E?�4 {]?IuI,�6�8'*51�3�,
8'4SK0>@,C6mK$6�6�?�458:*E>QKE{]K01����S6 N ,�Op1=<�?E4 K@*EH Z ¹?{E?Iu�HI,�*E6�8�1 �
1=- � � µ¯OJ-@*i[@,�<=6�8'-@*V-@/ � K$H�K0?F,U1mK@Y�\ � b�c$c@² � \

v 3�,_/R<�K@Op1=8:-$*�-@/�/R-@<=,J>$<�-$?�*EHzOJ-@*;1=K@4l8'*EK@*$1�6 8:*2-@?�<�6=K04 N Y',
8j6F,�671�8'45K01�,CH�1�- k�,h����²L� � ½2� \ v 3E,J<=,.K@<�,.¶{K@HEHI8�1=8:-$*EK0Y
?�*]OU-@*��E<�45,CH�3�8'>@3 N <=8:-$<�8:1 � OJK0*]HI8'HEK�1�,5} �I~ ,�4l8:171=,J<�6�8:*�1�3�,
�E,�Y'H�\&^`K$67,CHz-@*�1�3�,�/R<�K@Op1=8:-$*�-@/]OU-$*$1�K0458'*EK0*;1=6�8'*2-$?�< 6=K04 N Y',@q
�g�m-@/I1�3�-;67,_K0<=,³,Uu N ,�Op1=,�Hz1�-mk�,_3�8:>$3�<=,�H�6�3�8:/�1 } �i~ ,�4l8:171=,J<�6J\

¿o*;1�,�<�,C6D1=8:*�>$Y � qI1�3E,z678:uFOJ-@*I�E<=45,�H�} �I~ ,�458�1�1�,J<�6f3]K&[@,�[@,JM
Y'-IOU8:1�8',�6�q$ws3�8jO�3XOJY:?]6D1=,J<_ws8�1=3�8:*FKz<�K0*�>$,m-@/(c@�@�z�;4�6SRT�&qiws3�8'Y',
1=3�,Q*EK@<�<=-�w`MkEK0*EH��EY:1�,�<�8j65� � ½ �@�F�i4 6SRT�Sws8'H�,@\�emY'6�-Eq(1�3�,
<�K@HI8'-�>$K0YjK�u � 8j6
<�-$?�>@3EY � bC�@�@�+�i4 6SRT��K&w`K � /R<�-$4¯1�3E,fOU,J*;1=<=K@Y
[$,JY'-iOJ8�1 � -0/(1�3�,+,J458�1�1�,�<=6�\ v 3�8'6�8j6�HI8�At,J<=,J*;1�/R<=-@4�-01=3�,J<`�Vd��
<�K@HI8'-F>$K0YjK�u � N <=-01=-iOJY:?]6D1=,J<�6Jqtws3�,�<�,21�3�,S<�K@H�8:-X>$K0YjK�u � 3EK$6�K
[$,JY'-iOJ8�1 � OUY'-$6�,P1�-V1�3�,�K&[$,J<�K0>$,+[$,JY'-iOJ8�1 � -0/
1=3�,�} �I~ ,J458:171�,�<=6
� �
,J*;1�,�<�8jOJOJ8�,U1+K@Y�\��0�@�$��� · ?�<=�Q,J1�K@Y�\]�@�@�@�E�I¹�,J*E,J4SK0*E6m,U1+K@Y�\
�@�@�$��q��0�@�@� � \

� ���l%��C"�!����C%'�(�©#�t �";�(�#"��j!��&%'�(���
¿D6�1=3�,J<=,VK0*.-�[@,�<=HI,�*E6�8�1 � -0/s} �I~ ,�458�1�1�,J<�6�*�,CK0< vs´ º �$c$�0��¼
�$�0��b�� v -�8'*i[@,C6D1=8:>;K�1�,|1�3E8'6�A;?�,C6D1=8:-$*�qs1=3�,WHI,J*]678:1 � -@/5} �i~
,�4l8:171=,J<�6V8'*g-@?E<V�E,�Y'H�w`K@6QOU-@4 N K@<�,CH�ws8�1=3�1�3E,�HI,J*]678:1 � -0/
k�YjK0*E�+�],JYjH�6J\ v 3�,�6�,�K@<=O�3�/R-$<�} �i~ ,J458:171=,J<�6�K01 ���g�E� d�c`8'*P1�3�,
� ?EkEK0<=? ® ,�, N � 8:,�Y'H �a� ® ��q � 3�8'4SK@6=K0�i?�,U1+K@Y�\��0�@�@� � 8j6fOU-$42M

� �"!$#&%�#('*),+.-0/21�-43�576.895;:�-.+<)=/21>-43�5?:;/2@BA�+4CD5;EGFIHBJK5�CDLM-.-45N+46;O
P�/Q+>:�RS),+4LT-UHV-43B5W6.895�:�-.+<)X)Q+45Y/2ZI6.5�->[&H]\2^ _�`a\;bdcfe�gh5�+4ij6;c$e�:;CVcIk,O
lm3B5YEB/2-.-45;EnRMLM@�5;6 LM@oEdLp:;)Q-45q-43�5>r�@�:�5�+.-<)2LM@&-UH0LM@n-43B5�E�),-<)ds�)2@oEX-43�5
EB)26.3�5;E=RpLM@B5nLM6Y-43�5D-.+<)2@B6.CDLp6.6.LM/2@t:;rB+4u�5X/Q1v-43B5D@o),+.+4/,w�x�[�)2@oEaA�RTx
-45�+yOdlm3B5z+45;i2LM/{@�6�LM@X-43�5v6.895;:�-.+4rBC|w 3�5N+45>6}-.+4/{@BiW-45�RpRMrd+4Lp:>6.~�HdRMLM@�5;6
Ed/{CDLM@o),-45�)Q+45�LM@oEdLM:y)Q-45yE0w LM-4378o)Q+<)QRMRp5�R$RMLM@�5;6;O

�����;�����S� �"�0�9�2�9�N�X�N�W�B�I�j�B���<�2�N�&���N�"�d���z��� � � �����j�I�m�v���m�h�{���;�
�Q�� ��Q¡*¢n£�B�n���¤�2¥V�p�N�N�Q�V�&�7¦§�©¨�ªM«&¬t��S�N�®�I��¯,�B���N�"�����I¥��y°
± �I�²�o�I¥n�f�2�n�9�2���N�p�4�§��£Y�j�9�³�Q¥V�p�N�N�2���7�&�n¦§´µ¨fªT«�¬=�S�¶�N�I�
·9¸	¹ �"�Dº9ª"�>»¼��ª �?�¤�{� ¡ �n½t�¾¯ ¡¾¿ � · �I�"¥V�B�N�dÀo�Á�,�����U°*ºd�d�d¨��y°
Â ��¯,�"���9�"�I ]�N�I�n���B�9�"�� B�d�"��Ão�BÄI���I�7�I�Q���N�p�4�=�d£v¯,�d�IÅ��N¥V�{�Á�j�9�
�Q¥V�S�<�N�2���	�"�G�B�I�hÅ��Q�Æ�Á�Æ��ÇIªTºh»KºIª �?�®�2� ¡ �n½t�¾¯ ¡¾¿ Ä¾��I�Æ¯;���Æ�
�7£��d¯,�N�d�	º9ª ¬W»K�BªS�D�I�" d���Q�q�N�f���t�"�=�N�I� ·9¸	¹ ° Â £m�N���D£�d�I�W�I�9È
¯,�B�9Å���¥7�{�X¯Q�d���9�Æ�I�&���>���9�²�2¥7�S�<���Q�;�m�����v�"��¯,�"���9�{�*Ä{�N�I�Æ�É£��d¯y���d�
�N�Æ�N�2�>�N�V¨fª ÊY»��dªTÊ9°

Ë �����S�B���>���9���I�d�;�v�f���d�Y£�B�I���²�N�����Y�j�9�§�Q¥V�p�N�N�2�������>�I�" d�
�N�{�I�N�I�p£����d�N�|�I�S B�I�"�µ¯,�"���4���Q���2�Ì��d°  �° ¹ �o�o�f�(�,�����U°�º��B�d�IÍ
· �I�"¥?�d����Ào�X�,�m���U°�ºd�d�B�IÍ2Î��d�S�����d���,�Ï�d�Ð°&º��B��¨fÍ2ÑY�n�,�m���U°&ºd�d�d¨��y°
¹ �B�Y�,ÃI��¥V�I�"�dÄ9¥V���4�Y�d£É���I�X�j�9�¶�2¥V�p�N�N�Q�;�q£�B�I���=�&�W¦n��¨�ª ÒdÇ
�S�7���I� ·9¸	¹ ������¯,�B��¯,�2�B�������N�{�X��S�N�I�"�?���"�d�N B�,È.�N¯2���"�z�<�N����¯y���I�N�
��p���7�h�;�d�9�"���É��£*´�ÇdÓ¾�U´|º9ªTÊh½t�$¯{�>� · �I�"¥?�d����Ào�0�Q�m�d�Ð°dºd�d�B�B�y°
Â �h�Æ�����I�Q���,£�B�N�X�$�B���N�S�I�"�D�����&�h�N�I�7�j�9�®�2¥V�p�N�N�Q�;�W�d�N�B�I��� ±�Ô
Õ �B¬Bº�¨&Ö9ºBº������S���N�I�§´×«&Ó<�z«&Ó�Åf�Q�Æ�Ø��£D�o�S�2Ù�d£ ¹ÏÚ	ÛW· ºÜ�d�N�
�S�9¯2�&�N�{�²�"���N�"�I�X�<��¯;�=�V�Æ���� d�,È.��¯Q���"�h�<�N����¯,�N�I���d°

Â ���"�Ï�"�B���Q���2�<�N�"�I 	�N��¯,�B¥7�f�����v���I�q�&�d�Q�;�9�2���<�S�4���S�n�N���"�ÏÅ��2�"�
��p�������I���I�������9¯,�"���4���Q�²�N�����aq�d��£�d�I���³�����d�I���K�N�I�G���B�9�S�
 B�d�"��Ão� ±�Ô³Õ �2�B�dÒ�Ö¾�2¬d¨�ºY���z¦0��¨�ª"�0� Ë �2�I�Q¥?���f� �,�q���U°oºd�d��ºd�yÄ
��p���|�d�K�2�<�N�"¥V���N�{�K¥?�d������£7´Ý�2� ¢4Þ ½Gß²° ± �I�§�9�Sà$�2�N�2��¯,�
�S�Ü�"�I¥V�S���B�N�p�4���I�"�<���d��¯,�V�$�,�4>�Q�Q�¤¦t�(¨�ª"�?�����§¦Á�áÊ9ªTº]�"�D�
£��d¯,�N�d�	��£Y�B° ��º9Ä$�<�²�N�I�V�j�9�â�S�"�I�V�&�	¦²�ãÊ9ªTºV�Æ���?£��d¯,�N�B�0�d°M«�Ê
£����"���N�Q�{° Â �¼�N�I�Æ�VÅ��2�"�¼�B�9ä4�2¯,���V>�Q���=�N�Q�"�2¯,�N�{�®��S�N�K�Ø�����o�m�
�S�"�I�=å��IÃ®��£7æç¬��Ø�2� ¡j¢4è �2�N  � ¡*¢ ¯Q¥ ¡ �d° é>�²¦¼�ê¨fªS�BÄm�N�I�Æ�
¯,�B�N���2�N�f�B���I�Y�N�=�²�"�S¥V�S�D��£Wæ(�dªTÊ?�¶�{� ¡j¢4ë �Q��  � ¡j¢ ¯,¥ ¡ �d° Ú £
�N�I�h´|º�Ç	¯Q�d���9�Æ�I�&�����j�9�t�Q¥V�S�<���Q�;�m�S�7�N���	�{�d�BÒYÅ��2�"�jÄI�2�h�����d�
�Vå��9Ãt�"�t�,ÃI¯,�{�N�W��£��dªTÊV�Ü�2� ¡*¢<ë �Q��  � ¡*¢ ¯Q¥ ¡ ��Ä$�����t>�Q���X���"�
¯,�B�9Å���¥7�{�7�N�D�"�S�	�&�v¦n�K¨�ª"�0� Ë �2�I�Q¥?�d��� �Q�z���U°�ºd�d�BºB�y° ± �I�Æ� �Æ�
�N�I�7�N�d¥V�X�o�I¥0�$�Q�	�d�W���9�®�2¥7�S�<���Q�;�Y�"�t�N��� ±�ÔìÕ �d¬�º&¨�Ö9ºdºd�I�
Å��Q�Æ�*Äf��I�"¯;�t¯Q�d�����d�S���W�<�SÃa¯Q�d�9Å���¥V�2�=���f�²£�B�I�Y�$�B���<�"�I�"�X�j�9�
�Q¥V�S�<�N�2���2° ± �I�X���9�¤�Q¥V�S�<�N�2�������W¦0�³ÊIª ºn¥V�" d�����N�I�2�N�Q£�d�����f�
�N�I�D���N�" d�����Q���a�d£m�7�$�d�I�I�Æ�&���S�B�=��£��4�;���q£�d��¥V�S�� 7 ����Æ�&Ã9�"�2�>�S�
�a�I�N�d�N�9¯,�"���<�N�2�����X¦=�áÊIª º]�������N���"�D�<�N����¯y���I���V¯Q�d�I�Æ�G�f�?���



���������
	�� �M��¤~¸K�'�����A�´Î¤~ÛH���<���¤�xÐ<��ÉÑ�Z�Ý�Ô»xú/�ÉÑ�Ò�����'��´ä�_�u�Ý���°���¾��x�A¤ÑÈO�~³T�e¥x»] 
¡�¹GýÏ���� �*¤´��Ò���A¤� ö Í*³A·x¥ ¶Hå t Í�å1àEØ �°Í*®

ú� µ t t t �  µ t t t �'��ÈM´ v�� �É v«µ ü¯ áGÉ�´ v�� Ø ÿ »G� v��
ª§_¦ ¬¦Çª_Å�¬OÄG  ¬Ä �(ªªp¬ªp¬¦G  ª §G A¨ZÂ~©~Å�� ¬x  ¬¬~¬Oª Âx  Â�� ¬G  Â���¨Z¬ v���æ � ¨Z¬~© � ¨Zâ~¬ �j©G  ª
§ªeÅ ¬¦Çª_Å�¬¦x  Åx¨ �(ªªp¬ªp¬¬G  § §G A¨Zâ~Â©�� ¬x  ¬¬~¬© ¨  ª�� ¬G T¨���¨Z¬]v�� ã ¦OÄ��Ôæ�Ú�Úv«µ�� ©ª~©��:©x¨ ¦xùA¨��#©xù â
¨Z©Â~Â ¬¦Çª_Å�¨Zâx  â~Â �(ªªp¬G¨�¨ZâG  ¦ §G A¨eÄ~Äª�� ¬x  ¬¬~¬© Å° A¨�� ¬G  §���¨Z¬]v���æ §~¦ � Ó�ã Úv�� Ó ¨ÂOÄ�� §~¦ §GùA¨���ªGù ¬
ª~âÂ~Â ¬¦Çª_ÅÑª§G  âÄ �(ªªp¬~©�¬x¨~ T¨ §G A¨eÄ_©x¨ � ¬x  ¬¬~¬© ©x A¨�� ¬G  Å!��¨Z¬]v���æ ��ÂÂ � ¨e§]¨ ��ª]  ¦
ª~Â~Å¦ ¬¦Çª_ÅÑª_Å°  ©~¬ �(ªªp¬ªp©¬G  ¦ §G A¨eÄ_âO§�� ¬x  ¬¬~¬© Âx  ¬�� ¬G  ¦���¨Z¬]v���æ Å]Ä � ã æ�×v���Ê ¦~â��:Â© âxùA¨���ªGù Ä
ª~ÂÂG¨ ¬¦Çª_ÅÑª~©x  Â~Â �(ªªp¬~©pÅÅx  Â §G A¨Zâ~Â©�� ¬x  ¬¬~¬O§ ¨  Å�� ¬G  ª���¨Z¬ v�� ã Å]ª � Ó ×v�" ÅOª~¬��:©© ¨Z©Gù Ä#�#©xù Å
®ÎÆ ¬¦Çª_Å�¨Z¦x  ¦~¬ �(ªªp¬G¨EÅ]ª]  ¬ §G A¨Z¦~Â¦�� ¬x  ¬¬~¬â ªG A¨�� ¬G  ª���¨Z¬ v�� ã Â© �H� Ó æv�� Ó ¨¨©Â�� §_â ¨¨~ù â$�#©xù §

,CK0<=Y � 6D1�K0>@,Q8:*T1=3�,V/R-$<�4SK01�8'-@*h-0/mKTbC�)�&% �(' OUY'?E671�,�<�\ v 3�8'6
6�3�-@?EY'HXk],POJ-@*I�E<=45,�HXk � -@kE6�,J<=[�K�1�8'-@*]6�-@/�-@1�3�,�< N - N ?�Y'K01�8'-@*E6
-@/i>;K0YjK�uI8',�6 � ,@\ >E\&} � 4SK0*Pk�<=,�K@�m>$K@Y'K0uI8:,C6 � 8'*P1�3E, N <=-01=-iOJY:?]6D1=,J<C\
<f-�wG8'4 N -@<�1=K@*;1m8'6s1�3�,z<=-@Y',�-0/
1�3E,z<=K$HI8'-l>;K0YjK�u � 8'*��E*EHiM

8'*�>�67?EO�3lKfYjK0<=>@,JM6=OJK@Y:,n671�<=?EOU1�?�<=,�K01
�2� ½ �¾�d�_¿1
8'6 8'*E671�<=?EOp1=8:[$,
1=-VOJK0YjOU?EY'K01�,�3�-�wGY:8'�@,�Y � 8:1m8j6`1�-5�]*EH�dl} �I~ ,J458:171=,J<�6sws8�1=3�8'*
1=3�,m�],JYjHV-0/�[;8',Jw�-0/��
)�µ � �I\i^ � 678'4�?�YjK�1=8:*E>2-$kE67,�<�[�K01�8'-@*E6n-0/
���g�E� d�c�} �I~ ,J458�1�1�,�<=6³1�3�, � ?�kEK0<=?VHI,�, N �E,�Y'H5ws8:1�3V�
)�µ � �Iq
8:1lw`K@6�/R-@?E*EHT1=3EK�1l1�3�,�O�3EK@*�>@,V-@/f�E*EH�8:*�>Td9,�458�1�1�,J<�62ws8�1=3
�
)�µ � �98j6l-@*�Y � ��� ½ ² � \ v 3�8j6l8:*]HI8'O�K�1=,�621�3EK01VHI8'671=K@*;1lY'?�458�M
*�-$?E6_<=K$HI8'-�>$K@Y'K0uI8:,C6nK0<=, N <�,J/R,J<=,J*;1�8jK0Y'Y � Y'-IOJK01�,�HQ8:*F3�8'>@3FHI,J*IM
6�8�1 � ,�*;[i8'<�-$*�45,J*;1=6�\ � 8:*EOJ,n1=3�,_<=K$HI8:-mY:8:/R,U1=8:45,�6 � /R,Jw LsbC�*)&q&,@\ >E\
^_Y'?�*EHI,�Y:Y
�rµmK&wsY:8'*�>$6zb�c@c$c � K@<�,z6�4SK0Y'Y(k � 1=3�,2671=K@*EH�K@<=H�6f-0/
OJ-$6�4l8jO_,J[$-@Y'?I1�8'-@*�q&1=3�,J<=,s4�?]6D1³k�,s-@<�HI,J<�6 -0/t4SK0>@*E8�1=?EHI,s45-@<=,
N <=-01=-IOUY'?E6D1=,J<�6(8'*z1=3�,_,�K0<=Y � Z *�8'[@,J<�6�,nws8:1�3�-$?I1³K0*2K$Op1=8:[$,n<�K@HI8'-
6�-@?�<�OU,$\

v 3�,S-�[$,J<�HI,J*E6�8:1 � 8'*|1�3�,l�E,�Y'H.-0/ vs´ º �$c$���0¼I�$�0��b�8j6�1�3�,
45-$671sHI8'671=K@*;1`�i*�-�ws* N <=-01�-IOJY:?E671�,�<�\ ® ,J, N 42?�Y�1=8�MoOU-$Y:-$<�-$kE6�,J<�M
[�K�1=8:-$*E6_K0<=,f*�,J,CHI,�HV1�-lHI,U1=,�Op1`-01=3�,J< N - N ?�YjK�1=8:-$*E6�-0/(>;K0YjK�uI8:,C6
8'*51�3�, N <�-@1�-IOUY'?E671�,�<nK0*EHl1=-z6D1=?EH � 1�3�, N <=- N ,J<�1�8',�6�-@/]1=3�,+} �i~
,�4l8:171=,J<�6`8:*�45-@<=,PHI,U1�K08'Y�\

+$,&- �i¡�.#/��o 10��32z���$¦�©54 å3�����<�~�°á ���°�:´Ï�¾�76 ¤�Þ�H�e�¾�~�<�~³f��Õb�<�A³A�Û ¤_�Ý���°��Ò�Ý´�¸<³A��u�x�T��´�·<¸°¸K¤~���Z�b�~�<��å1�A³A³A�é�_É Æ(����<�A�'��¤~Û}¯Î�u�x¤_º�'�Õb¤~��¸K¤_�¾�_���A¤� Ûþ¤~�Þ�°�A´Ù�<�³A¸��A� ¤~·°�Þ¸°·°���¾�u�~´�� ¤~Ûø���<� �·<´ÏÁ
��¤ÉÑ�A´��Z���u�_����¤Z��Á�¹u�_�u��Ðu³Ò���'�Z )Æ�¼�Ø �_��áG�°¤e�ä³A�Z�xÈ�´�Ûþ·<�u�x�A�<È�¹]»
�~��¯(�Z�~�°�É�»Ç�H��¤~Û �'´�´�¤~��´��<�A¸�¤_Û����<��®(¤Z»G�_³K²��'���°�'��³T�~�u�x´�¯(���°�'É¢»¤~Û)¯Î����´��_�u���x��A��°��´Sªf¼E²�¯�å{¬� M±n�°���n¤_��á/¹]»3å1ºx£ø�n�~´Ñ¸K�'��Á
Û ¤_��ÉÑ�Z��·<�<�°�'�ä���<���_·<´�¸<�A��'´�¤~ÛM���°��Ö�  �« uÀ��¸u�e����ÉÑ��]�(¤_ÛR¶C�°�'��È~»]�²)�e���T¤~�u�_³�²�·°�³A�Z�_���x�'�·°���Ò�Ì»�¯(�°ÉÑ�A�<�A´Ï���¾�_���A¤~��¹]»����°��Ö��°�Tº�'��´��Ò�Ì»
¤~ÛÑÕn�~³A�ÒÛ ¤~���°�T�x�E���������<��#�Ô�AºO�'��ÉÑ¤~����²)�e���A¤�u�_³p���~¹K¤_�¾�_��¤~��»�·°�°Á
�°�'���¤~�G���¾�_�'��²(¤° �å�ÁÏÄeÅO¬§eÁÃ¶C�°È~Á�ÅOÂG Ý±n�<��²�®(¯Î¡ �A´�¤¸K�'�¾�e���Z�¹]»��~´�´�¤]��T�e���Z��·<�°�AºO�'��´��Ò���A�´�ËÌ�°��ä·<�<�°�'���'¤]¤¸K�'�¾�e���Tº�/�~È_����ÉÑ��]��ä�Ò�������<�/²)�°Íb �±n�<�A´��b¤~��á����_´!´�·<¸°¸K¤~�����Z��¹]»����°�#¶C·x��¤¸K�Z�_�
Õb¤ÉÑÉ¢·<�<�Ò�Ã»�®(�'´��Z�_���¾�/�~�<�!±��¾�_�A�<�A�<È�²(�'�Ì�b¤~��á98Ï±n�°���M�]»x´��T�'´�¤_Û
���<�)ËÃ�]���'��ÈO�_³é�_�'���A�¢Ø?�Z�°�A·<É�:x 

�u	<;0	��0	��t"�	��
^`K03]OJK0Y'Yaq ´ \Ee�\:qE�]K0*�q<=2\:q]�á��,�*�q�µP\�bCc@c;dIqIe N º q��$² ½ qI} ½ �
^_,J<�1�8'*�q ^ \E��em<�*�-$?I1=6�q � \�bCc@c$¶�qIem�Pe � q�b@b�diqI�@c$�
^_Y'?�*EHI,�Y:Yaq · \ � \E�rµfK&wsY'8:*�>;6Jq � \�b�c$c@c�q ´ K01�?�<=,@q]�@c@cEqI�@�@�
® K&wf67-$*�q � \'q � N 8'*�<�K@H#q�<�\:q � 1�,J<=*�q ® \:qE,U1fK0Ya\E�0�$�$�IqIe N º q ½ d��Eq
c$�

� � *ik]-]q º \��
\ Z \:qt}�,CHI-@?Iu#qj�+\:q �W�-$Y:Y',J<Cq]�
\'q v 3�-@4S6�,J*�qt^�\:qt�
^_?�<�?]H#qI¿p\]�0�$�@�Eqie+�Pezq��;�;dIq�b��id

<mK@4l45,�<�qi�_\:qI� Y:-$<�,C6Jq)<z\'qI}�8'Y:Y � q � \ º \:q;,U1sK0Ya\]bCc@cidiq@e N º q;�$²Eb@q
�;c

<f?�q ^ \ � \'q*��-�ws8',@q�}³\�}³\'q*�_K N K0�tq]�
\'qE,J1�K@Y�\#�0�$�0�Eq]e º q(bC�;diq
½ ¶@�

· ?�<=��q º \ ® \:qI�
,�*$1=,J<=8'O�OU8aq$}n\:qiµ �-01�1�>$,J<=8:*�>]q2<�\ º \iez\'qi� � 8:Y', � q
�l\ · \E�0�@�@�EqIem�Pe�qEK@O�OU, N 1�,CH

}�,���¸,J[i<�,$q$)2\:q ® ,JY:1�-@<=*�q º \ � \:qI��<�K04 N 1�-$*�q ® \'q;� ® 8'O��i8'*E67-$*�q
� \�b�c$c@¶�qIe N º qE�idib$qI}³b@b

� K@HEK0?�q��
\�bCc@c ½ qie N º q��@�]b@qtb�²
� K@HEK0?�qI�
\'q��
-d�Q��,U1�1�8aqi}n\:q�� ® 8jO��i8:*E6�-@*(q � \#b�c@c$²�qie N º qI�$c$²�q
bC�@¶

�W�-@Y'Y',J<Cq��
\��r� � *ik]-]q º \ Z \]�0�$��b$q;e+�PezqE�id0�IqI} ½ d
��K0Y'?�*EK$6JqI�
\'q v , N Y:8:1N�$q�<z\�¿p\'q���<�K0*]OU8j6Jq��
\ º \:q�:�8'Y:Y'8'>@,J<Cq��l\ � \'q
� :|-i-IHI>;K�1�,$qE^�\ ^ \E�@�@�0�]qIe N º qE¶@�;�Iq ½ � ½

��K@6=OJK@<�,�Y:Y',@q � \ � \:q�:�8'*EHI3�-$<=671�qTµP\Tez\'q ® <=8'[@,J<Cq � \h�
\'q
)�671�<�K0*]HI,J<Cq ^ \ º \:qE� · ,J,�Y�q�:¯\$�+\(b�c@c$¶�qIe N º q�� ½ ¶Eqi} �Ib

�
,J*;1�,�<�8jOJOJ8�q�}³\'q · ?�<=��q º \ ® \'q�µ �-@171=>@,J<=8'*�>Eq�<�\ º \nez\'qn,J1XK0Ya\
�@�@�$��qIem�Pe�qE�@¶Eb@qI}�� ½

µs3�-;K@H�6�q º \ ^ \:q ® , � q;e�\:q � K0Y'3�-@1�<�K�q � \'q;,U1_K@Y�\i�0�$�@��q$e º qEbC� ½ q
bC�@�$¶

µ �-01�1�>$,J<=8:*�>]q¦<�\:q ® K$H�HI8aq ^ \:qs)+[@,�<N��8:,�<�qnµz\:q_� :�8:Y'4SK0*�q`µP\
�@�@�$��q ´ ,�wGe+6D1=<�-$*�-@4 � µs,J[i8',JwPq��IdiqI�@�$c

� 3�8'4SK@6=K0�i?�q · \'q�<mK � K$673E8:*�-]q v \'q � K01=6�?EH�K�q 7 \:q(,U1zK0Ya\(�0�$�0�Eq
e N º }³qEK$OJOU, N 1�,CH � K@671�<=-0M N 3|80�0�$�$�$�;d�� �

� 3�8'4SK@6=K0�i?�q · \:q�)+?EO�3�8aq � \'qE)+��K04�?E<=KEq � \'q$,J1`K@Y�\i�0�$�@��q;e N º q
½ ²@¶Eqi}nb@b$b

� -@*E>$K08'YjK�qIez\]�@�@�@�EqIe º qEK@O�OU, N 1�,CH � K@671�<=-0M N 3|8��@�$�;�0�0�Id �
� 1�,�8'H�,JYaqz�+\z�+\:q�emH�,JY'k],�<�>$,J<Cq · \�}n\:q � 3EK N Y', � q³ez\ ^ \'q�,U1SK0Ya\
�@�@�$��qIe N º q ½ �$�Iqtb�d��

� 1�,�<�*(q ® \'q�^_?�*��@,�<�qiez\'q � N 8'*�<�K@H#q�<�\:q�� ® , � qIe�\E�0�@�$��qie N º q
½ �;dIq�d0�

v , N Y'8�1��@q�<z\#¿p\'qÉ��-@Y'Y'8:*E6�q ´ \#µP\'q���K0<�HI*�,�<�q º \t�
\'qt,U1zK0Ya\��0�$�@��q
e N º � q�bJ�;¶�q��0�$c

[�K0*�^�<=,J?E>@,JYaq�:¯\:q ® ,�^_<�,�?EO��tqv�+\:q � 1�K0*I/R-$<=H�q � \nez\'q�,U1VK0Ya\
bCc@c$c�qIe N º q ½ b�²�qI}�¶�b

[�K0*5^�<=,J?E>@,JYaq+:¯\ º \'q0µs,�?�Y'K@*EH#q � \0e�\:q$HI,`¹�<�8',�6�q+:¯\]<z\'q�,U1³K0Ya\
�@�@�$��qi8:* ® 8'6=OU-�[$,J<=8:,C6�K@*EHFµs,�6�,�K@<=O�3F�³<=-$6 N ,COp1=6�/R<=-@4�¶0M�1�-
bC��M � ,U1=,J<�M4��YjK@6=6 v ,JY',�6=OU- N ,�6³¿7¿p\ ^ HI8:1�,CH5k � ��?�3EK01�3EK@�i?�<71�K�q
�n?�<�K0>@<�K�\;�³<=-IOU,J,CHI8'*�>$6n-0/�1=3�, � �³¿ ^ q$¹�-$Y:?�45,��$²$�0�]q;���0¼i�@�

¹�,J*�,�4SK0*E6�q@^�\0�
\:q · ?�<��tq º \ ® \'q � 8'Y', � qB�l\ · \'q@��µ �-@171=>@,J<=8'*�>Eq
<�\ º \Eez\]�@�@�$��q ´ ,Jw°em671�<=-@*E-@4 � µs,J[i8',JwPqI�idIq�� ½ �

¹�,J*�,�4SK0*E6�q(^�\��
\:q · ?E<��tq º \ ® \'q � 8'Y:, � q��l\ · \:q#,J1�K0Ya\(�0�$�$�Iq
e N º q ½ ¶$c�qI}³b$b

¹�,J*�,�4SK0*E6�q�^�\��
\:q�µ �-@171=>@,J<=8'*�>Eq�<�\ º \�e�\:q · ?E<��tq º \ ® \'q�,U1fK0Ya\
�@�@�@�Eqi8:* N <=, N K0<�K�1�8'-@*


